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Abstract
We conducted a systematic review of randomised studies on the impact of worksite interventions to pro-
mote healthier food and/or physical activity among people who work irregular hours ‘around the clock’, that 
is, outside of ordinary daytime working hours. The population–intervention–comparator–outcomes–study 
(PICOS) design format was used. Data sources were PubMed and CINAHL. An updated search was con-
ducted on October 2017 using Google Scholar and the related articles function in PubMed on initially in-
cluded studies to identify additional studies. Risk of bias was used to assess study quality. A total of seven 
studies (reports published in 14 papers) were included in the systematic review: Two interventions with a 
broader lifestyle approach, three focusing on physical exercise and two on providing healthier food or meal 
options. The studies had sample sizes from 30 to 1,000 and targeted a mixture of occupations, including both 
male- and female-dominated occupational groups. The interventions lasted from 2 to 12 months. Only one 
had an extended follow-up. In general, the studies showed small-to-moderate effect sizes on several measures, 
including dietary and/or physical activity measures, suggesting acceptable effectiveness for interventions in-
volving community-level behaviour change. Our findings highlight a need to further develop and implement 
well-designed health promotion interventions with comparable outcome measures and effect size reports. A 
mixture of health promotion strategies is recommended for future practice in this target population, including 
individually tailored programmes, improving the food and physical activity environment and using broader 
lifestyle approaches including the use of participatory and empowerment strategies. While more research is 
needed in this field, the existing knowledge base on effective approaches awaits translation into practice.
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The workplace has been identified as an important setting in which behavioural patterns, including healthy eating, physical activity as well as sleep hy-
giene, can be promoted (1, 2). Worksites provide a natural 
social context and could potentially reach a large num-
ber of people, including many who would otherwise be 
unlikely to engage in preventive health behaviour (3, 4). 
Workers’ good health and well-being is vital for work-
place competitiveness and productivity, a long life and a 
high quality of life (5). This is also emphasised in the EU 
Public Health Programme for 2014–2020 (6), but there 
appears to be a gap between political intentions and im-
plementation (4, 7–9).
The political agenda is taking place in a context that 
has been created by major changes in working life. The 
modern society has become a ‘24-h society’ in which peo-
ple can buy goods, including food, and go to restaurants 
‘around the clock’. An increasing amount of people are 
employed in shift work or working outside the ordinary 
daytime working period and therefore required to work 
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and eat their meals at unconventional hours (10, 11). 
As the shift work pattern may vary depending on the time 
of day, the rotation cycle and the direction of rotation of 
shifts, and may also involve a mobile working place, it cre-
ates additional challenges to the food situation at work 
(12). While there is no consensus definition of the term 
‘shift work’ in the published scientific literature, it is often 
referred to as work conducted primarily outside of ordi-
nary daytime working hours and a pattern of shifts that 
may be permanent or rotating (13).
Approximately 21% of the workforce in Europe par-
ticipate in shift work (10) which in this review is referred 
to as working irregular hours or extended hours ‘around 
the clock’. Occupations that would fall into this category 
can be found within the health care sector, manufactur-
ing sector, retail and service sectors. Previous research has 
linked shift work and working irregular hours to reduced 
well-being, increased health risks, metabolic syndrome 
and obesity (13–15), and to poorer eating habits, includ-
ing a higher energy intake among shift workers compared 
with day workers (16). However, it has been suggested that 
it is the timing of meals and eating occasions, rather than 
the dietary composition that differs between day and shift 
workers (17–19). Circadian stress due to eating and sleep-
ing in the wrong phase of inherent circadian rhythms is 
believed to be a main contributor to metabolic disorders 
in shift workers (20, 21).
Factors that may negatively affect workers’ ability to 
make healthy food and physical activity choices during 
working hours include a lack of workers’ influence on 
work organisation and hours worked, lack of social sup-
port and feelings of lack of personal agency and control 
over the job situation. In addition to the negative effects 
caused by circadian stress, health risks may be increased 
by the fact that employees working irregular hours often 
have limited access to healthy meals and snacks at work 
(22, 23) and that they are not included in workplace 
health-promoting activities and initiatives to the same 
 extent as workers in day jobs (24).
In line with the adoption of ecological and socio-eco-
logical models in health promotion, a change has been 
seen towards moving nutrition from a primarily individ-
ual issue to an environmental concern addressing both the 
physical and psychosocial work environment (3, 14, 25). 
Accordingly, the use of participatory and empowerment 
strategies has become important in assuring programme 
responsiveness to employees’ needs and priorities (3, 26). 
Research evidence on the effectiveness of different health 
promotion strategies, including educational, environmen-
tal and/or multi-component strategies, in worksites during 
ordinary daytime working hours suggests that these may 
be effective in improving dietary habits (27, 28), increasing 
physical activity (29), reducing body weight (30–32) and 
increasing work productivity (33). However, uncertainty 
exists especially regarding the effectiveness and feasibil-
ity of health promotion interventions among the working 
population working ‘around the clock’.
The aim of this study was to conduct a systematic 
 review of randomised studies on the impact of worksite 
interventions to promote healthier food and/or physical 
activity among people who work ‘around the clock’.
Material and methods
A systematic review was undertaken and reported accord-
ing to the guidelines of the PRISMA statement (34). The 
protocol was registered with Prospero (registration num-
ber CRD42016045216).
Eligibility criteria
Criteria for study inclusion were developed using the 
population–intervention–comparator–outcomes–study 
(PICOS) design format. The resulting PICOS can be 
found in Table 1, where ‘population’ included people 
working irregular hours (e.g. shift workers in permanent 
2-shift work, permanent night work or 3-shift including 
night work) or extended working hours (e.g. 12- or 24-h 
shifts) and ‘intervention’ included studies that focused 
on developing a healthy working environment defined as 
interventions to improve dietary habits and/or increase 
physical activity for a month or more.
The following studies were excluded: interventions con-
ducted among non-shift workers (i.e. workers working 
ordinary office hours); interventions conducted among 
workers with extreme work schedules or workers who 
cross time zones (e.g. astronauts and air crew); interven-
tions conducted in simulated work environments and 
conditions; literature reviews, commentaries, editorials, 
opinion pieces, policy documents, consensus statements, 
study protocols; lacking both pre- and post-intervention 
critical outcome measures; interventions that were de-
signed to improve profit or turnover; and interventions 
that were reported in a language other than English.
Critical outcome measures focused on dietary and physi-
cal activity. Important outcomes were measures for general 
well-being, quality of life, sleep circadian rhythm, cognitive 
performance, mood, psychological stress, blood measure-
ments, body composition, muscle strength, influence on 
work (e.g. productivity, absenteeism, use of medication, 
work injuries and medical costs), adverse events and drop-
outs. Outcomes at both pre- and post-interventions were 
included, as well as outcomes at follow-up, if reported.
Search strategy
Relevant studies were identified by searching two different 
electronic databases: PubMed and CINAHL. There were 
no time restrictions. Date of search was 14 June 2016. A 
full example of the search terms used in PubMed is out-
lined in Appendix A. An updated search was conducted 
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Table 1. Study eligibility criteria according to PICOS
Author/year N Sample Shift system Intervention Length Design Critical/important outcome measures (Tool)
Significant effects highlighted in bold
Risk of bias †)
Leedo et al. 
2017
(51)
60 
M/F
Hospital nurses/nursing-
aides/physicians (Denmark)
Mean age: 45.1 ± 9.3 years
Mean BMI: 24.1 ± 3.5
Day time 
workers and 
shift workers
Change of meal offer:
Water, healthy snacks and 
healthy cold meals during each 
shift versus own lunch
8 weeks Cross-over Anthropometrics (BMI, weight)
Reaction time (Go/No-Go test)
Profile of Mood States (POMS) 
(shift workers)
Dietary intake (dietary record)
Low within the 
larger study. 
High within the 
shift workers 
subsample
Matsugaki 
et al. 2017
 (52)
30 F Hospital nurses (Japan)
Age: 20–40 years
BMI: app. 20
Shift work, 
full time
Physical exercise:
Supervised versus non-
supervised resistance and 
aerobic training two sessions/
week
12 weeks RCT VO2 max (cycle)
Muscle strength (knee extension)
Anthropometrics (BMI)
Body composition (body fat, muscle mass)
Blood pressure
Pulse rate
Blood measurements (cholesterol, 
glucose, oxidative stress)
Depression (BDI-II)
Profile of Mood States (POMS)
Unclear
Härmä et al. 
1988
1988 (39, 
40)
75 F Hospital nurses/Nursing-
aides, (Finland)
Age: 2
0–49 years; BMI?
38 h/week, 
irregular 
rotation of 
8–10 h day, 
evening and 
night shifts
Physical exercise:
Training program targeting 
circulatory and muscular systems 
(jogging, running, swimming, 
skiing, walking and gymnastics); 
2–6 ×/week, 60–70% maximum 
heart rate versus usual activity
4 months 2-arm RCT
(2:1)
VO2 max (cycle)
Strength (sit-ups/30s)
Resting heart rate
WeightBody composition (skinfolds mm)
Subjective Sleep (Diary)
Fatigue (questionnaire)
Sleep Length (h)
Sleep Quality (questionnaire)
Body temperature
Alertness (VAS)
Short term memory (SAM-test)
Muscular, GI and nervous symptoms
High
Morgan 
et al. 2011 
and Morgan 
et al. 2012 
(POWER) 
(41, 42) 
110 
M
Overweight/obese 
aluminium plant workers 
(Australia)
Mean age: 44.4 ± 8.6 years; 
BMI 30.5 ± 3.6 (45.5% 
obese)
Four shifts 
(schedule not 
reported)
Lifestyle intervention:
Group-based intervention for 
weight loss based on Social 
Cognitive Theory; one-on-one 
information session, study 
website, resource booklet, 
pedometer and financial 
incentive versus usual activity
14 weeks Cluster 
randomised
Weight (loss)
Waist circumference
BMI
Blood pressure (systolic)Resting heart 
rate
Physical habits, dietary habits, healthy 
eating practices, dietary stage of 
change, self-efficacy *) (questionnaire)
Sleepiness during day (Epworth scale)
Quality of life *) (SF-12)
Workplace productivity (WLQ)
Injuries at work
Absenteeism
Low
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Table 1. Continued
Author/year N Sample Shift system Intervention Length Design Critical/important outcome measures (Tool)
Significant effects highlighted in bold
Risk of bias †)
Guillermard 
et al. 2010 
(43)
1,000 
M/F
Worker in factory, nurses, 
firefighters, police officer, 
other (France)
Age: app. 32 years
BMI: app. 24
2-shift work 
or 3-shift 
work (83%)
Change of meal offer:
Fermented dairy product 
containing lactobacillus casei 
versus placebo to drink (100 g) 
2 times per day
3 months 
(1 month 
follow-up)
2-arm RCT Common infectious diseases (CID) 
(upper tract, lower tract, GI) (diary + 
medical examination + pathogens)
Immune parameters
Duration,
Days with fever
Sick leave
Medication (prescribed/self-medication)
Quality of life (SF-36)
Adverse events (BP, heart rate, weight)
Low
Lim et al. 
2015 (44)
30 M Type of work? (South 
Korea)
Age: app. 57 years
BMI: app. 23
Night shift Physical exercise:
3 days walking exercise per week 
(60–79% VO2 max) 3 × 10 min/
day versus usual activity
10 weeks 2-arm RCT §) Weight, BMI §)
Body composition (LBM, % fat)
Blood pressure
Biomarkers (cathepsins)
High
Elliot et al. 
2004
 (PHLAME 
pilot) (50)
33 M? Fire fighters (USA)
Age: app. 44 years
BMI: app. 28
24 h works 
followed by 
48 h off duty
Lifestyle intervention:
Team-based curriculum (model 
1), individual counsellor meetings 
(model 2) versus usual care
Goals: Increase physical activity, 
servings of fruit and vegetables, 
reduce fat, improve energy 
balance versus information
6 months Cluster 
randomised §)
Cholesterol (blood)
BMI, Weight.
Body composition (skinfold, % fat)
Dietary habits, exercise habits, 
mediating aspects (questionnaire)
Peak oxygen uptake (treadmill)
High
Kuehl et al. 
2005 (46)
Elliot et al. 
2007 (45)
Ranby et al. 
2011 (48)
MacKinnon 
et al. 2010
 (PHLAME) 
(47)
599
 (397) 
97% 
M
Fire fighters (USA)
Age: 41 ± 9 years
BMI: app. 27
24 h works 
followed by 
48 h off duty
Lifestyle intervention:
Team-based curriculum (model 
1), individual counsellor meetings 
(model 2) versus usual care
Goals: Increase physical activity, 
servings of fruit and vegetables, 
reduce fat, improve energy 
balance versus information
12 
months 
and 4 
years 
follow-up
Cluster 
randomised
12 months
BMI, Weight
Body composition (skinfold, mm)
Dietary habits*), exercise habits, well-
being (questionnaire)
Peak oxygen uptake (treadmill)
Strength (sit-ups and sit and reach)
Work injuries
Days of
Injury claims
4 years’ follow-up
Weight
Dietary habits, exercise habits, well-being 
(questionnaire)
Peak oxygen uptake (treadmill)
High
Kuehl et al. 
2013
 (PHLAME) 
(49)
1,369
93% 
M
Fire fighters (USA)
No data about age or BMI
24 h works 
followed by 
48 h off duty
Lifestyle intervention
Team-based curriculum (model 1), 
individual counsellor meetings 
(model 2) versus usual care
Goals: Increase physical activity, 
servings of fruit and vegetables, 
reduce fat, improve energy 
balance versus information
7 year 
period
Retrospective 
data before 
after 
intervention 
comparison
Compensation claims
Medical costs
High ‡)
M = male, F = female, BMI = body mass index, LBM = lean body mass.
* Some of the parameters are significant; † see text for explanation; † since data are based on the PHLAME study with a high risk of bias; § data different at baseline.
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on 18 October 2017 by performing a search on Google 
Scholar. We also used the related articles function in 
PubMed on initially included studies to identify addi-
tional studies. In addition, a PubMed citation search was 
conducted on all studies included in the final review.
Identification of studies
The titles of the studies generated from the searches were 
reviewed for inclusion by one author alone. Abstracts 
from potentially relevant titles were then reviewed against 
the inclusion and exclusion criteria by two authors. The 
full texts of articles were obtained for all abstracts deemed 
to be potentially relevant and were reviewed by three au-
thors. Systematic reviews identified by the search were 
scrutinised by one author for additional studies. Any dis-
agreements were resolved by discussion and consensus 
reached before final inclusion. The study selection process 
from identification to exclusion was documented using 
the PRISMA flow chart.
Quality assessment of evidence
The Cochrane Collaboration’s recommended tool for 
assessing risk of bias was used to assess the risk of bias 
(35). The potential sources of bias assessed were random 
sequence generation (selection bias), allocation conceal-
ment, blinding of participants and personnel (assessment 
was made for each) and outcome assessment (detection 
bias due to knowledge of the allocated interventions), 
 incomplete outcome data, selective outcome reporting and 
other sources of bias. The studies were classified as con-
taining high, low or unclear risk of bias for each of the 
criteria for judging risk of bias, and a conclusion regarding 
the overall risk of bias was made. Classification was based 
on the judgement of three authors following the guidelines 
outlined in the Cochrane Handbook.
Data extraction and description
Outcome measures sought in the publications were defined 
as either ‘critical’ or ‘important’ according to GRADE 
(36) (see Table 1). Data were described in the text. Since it 
was not expected that the included studies would be judged 
to be clinically homogeneous, no meta-analysis was per-
formed. In cases where statistically significant effects were 
demonstrated, effect sizes (Cohen’s d) of the study inter-
ventions were either obtained from the publications when 
provided or calculated for this review. Cohen proposed 
interpreting d = 0.2 as a small effect size, d = 0.5 as a mod-
erate effect size and d = 0.8 as a large effect size (37, 38).
Results
Articles selected for review
The initial searches resulted in 1,196 titles. Screening of  titles 
identified 128 abstracts for further assessment. A total of 30 
full-text articles were reviewed. Seven studies ( reports pub-
lished in 14 papers) fulfilled the inclusion criteria for the 
present review (see flow diagram in Fig. 1): Härmä et al. 
(39, 40), the POWER study (41, 42), Guillermard et  al. 
(43), Lim et al. (44) and the PHLAME study (45–49), in-
cluding a pilot study (50). Two additional relevant stud-
ies were identified in the updated search: Leedo et al. (51) 
and Matsugaki et al. (52). A list of the excluded full-text 
 articles is available from the last author.
Details of the studies
The studies had been performed in different parts of the 
world, including East Asia, Europe, the United States 
and Australia (Table 2). The majority of studies were 
performed in the health care and manufacturing sector 
among shift workers including nurses and other health 
care workers (39, 40, 51, 52), plant workers (41, 42), fire 
fighters (45–50) and different shift workers, including po-
lice officers and nurses (43). One study did not report the 
occupation of the night shift workers (44).
The number of participants within each study was gen-
erally small with four studies having between 30 and 75 
participants (39, 40, 44, 50–52), while three studies had a 
larger sample size of between 110 and 1,000 participants 
(41–43, 45). In all, the participants were young or mid-
dle-aged adults. In three studies, the target population 
included only men or consisted predominantly of male 
employees (41, 42, 44, 45, 50), two included only women 
(39, 40, 52) and two studies included both male and fe-
male employees (43, 51). The length of the interventions 
varied from 2 to 12 months.
Interventions
A broader lifestyle intervention approach was reported 
in two studies; the POWER (41, 42) and the PHLAME 
study (45–50). The POWER study (41, 42) involved a 
3-month cluster randomised controlled trial among 
110  male overweight/obese aluminium plant workers in 
Australia and focused on weight loss. It included an infor-
mation session during work, a handbook with provision 
of information regarding the programme, a study website 
including a tutorial and a user guide, seven individualised 
dietary feedback sheets, group-based financial incentives 
and a pedometer as part of a group-based, cognitive the-
ory-guided weight-loss programme versus usual activity 
(41). In the PHLAME cluster randomised controlled trial 
(45–48, 50), two types of intervention among firefighters 
during duty hours were compared with a control group 
in a 6-month pilot study with 33 participating firefight-
ers and in a 12-month main study (followed by a scaled-
down booster programme the following year and a 4-year 
follow-up period) with 397 participating firefighters. The 
first type of intervention involved a team-centred curric-
ulum with a group-designated team leader, team leaders’ 
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manual, workbooks, lesson plans and team leaders’ ori-
entation focusing on healthy nutrition, physical activity 
and energy balance plus additional core topics, such as 
stress or sleep. The second type utilised individual- centred 
motivational interviewing with a counsellor to discuss 
and review the goals, values and priorities for change in 
firefighters’ personal lifestyle behaviours, plus a short 
follow-up option in person or via phone (45). Further, 
a retrospective follow-up study over a 6-year period was 
conducted among the firefighters in the PHLAME study 
to evaluate medical costs among the fire departments par-
ticipating in the health promotion intervention depart-
ment compared with other fire departments (49).
Physical activity was the focus of the intervention in 
three studies (39, 40, 44, 52). In the randomised controlled 
trial by Härmä et al. (39, 40), a 4-month physical training 
programme was individually tailored for 75 female nurses 
in Finland according to their submaximal ergometer test, 
Fig. 1. Search strategy, study selection and process of identification of suitable studies.
Table 2. Description of the included studies
Population (P): People working irregular hours, meaning ‘around the clock’
Intervention (I): Healthy working environment
Comparison (C): Usual care
Outcomes (O): Critical: Dietary and physical activity habits
Important: General well-being, quality of life, sleep circadian rhythm, cognitive performance, psychological stress, blood measurements, body 
composition, muscle strength, influence on work performance, adverse events, dropouts
Study design: Randomised controlled trials, cluster-randomised controlled trials and randomised crossover studies
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age and sports habits. In the exercise programme, both 
circulatory and musculoskeletal systems were activated 
by jogging, running, swimming, skiing, walking and gym-
nastics in 2–6 training sessions per week, according to 
the physical condition of the subject. In a 10-week ran-
domised controlled trial by Lim et al. (44), 30 male night 
shift workers in South Korea were instructed to include 
three 10-min walking exercise sessions on 3 days per week 
into their night routines while at work. Based on the high-
est heart rate recorded during the VO2 max test, a target 
zone of the maximal heart rate was established for each 
subject. The exercise programme was self-monitored, and 
participants were encouraged to schedule their walking 
time into their night routines while at work. In a ran-
domised controlled trial by Matsugaki et al. (52), the 12-
week exercise programme intervention among 30 female 
nurses conducting shift work consisted of either exercise 
under the individual supervision of a physical therapist 
or voluntary exercise without supervision at the hospital.
Offering healthier food or meal options was the focus 
of the intervention in two studies. Guillermard et al. (43) 
tested in a randomised controlled trial the effect of of-
fering a fermented dairy product containing Lactobacillus 
casei twice a day as a breakfast and dinner supplement 
in a placebo-controlled study of 1,000 male and female 
shift workers in France. This was a 3-month study with 
1-month follow-up aiming at reducing the risk of com-
mon infections. Leedo et al. (51) tested in a randomised 
crossover controlled study the effect of 8 weeks of in-
creased availability of healthy meals at work, including a 
daily cold lunch meal, bottled water and a snack among 
a total of 59 hospital health care employees, including 
16 employees working in shifts.
Additional information about the included studies, that 
is, the outcomes assessed and significant effects, can be 
found in Table 2.
Study quality
Three of  the studies, Guillermard et al. (43), the POWER 
study (41, 42) and Leedo et al. (51), were assessed as hav-
ing a low risk of  bias (see Table 2). This includes also the 
risk of  carry-over effect in the crossover study by Leedo 
et al. (51), based upon the report that the researchers had 
examined the possible existence of  a carry-over effect of 
treatment sequence on all outcomes. However, the study 
by Leedo et  al. (51) was assessed as having an unclear 
to high level of  bias in the group of shift workers as a 
subsample within the larger study sample due to small 
number of  subjects. Four studies were assessed as hav-
ing unclear or high risk of  bias, which was mainly due to 
lack of  blinding of  participants, personnel or outcome 
assessment. In these studies, the outcomes may have 
become influenced by lack of blinding of  the allocated 
interventions and the use of  subjective and self-reported 
outcomes (39, 44, 45, 50, 52), other sources of  bias, for 
example, an imbalance in baseline characteristics (44, 45, 
50), a high dropout rate (39, 40) or in situations where 
the influence of  clusters (in  the analysis) had not been 
considered (45, 50).
Critical outcomes
Dietary habits were evaluated in the PHLAME study (45, 
50), the POWER study (41) and the study by Leedo et al. 
(51) among firefighters, aluminium plant workers and 
health care staff, respectively. All three found some signifi-
cant improvement in dietary behaviour, for example, an 
increased intake of fruit and vegetables in the PHLAME 
main study (effect sizes: 0.2 and 0.4 in the individual and 
team-based groups, respectively) (45), a decreased intake 
of sweetened beverages in the POWER study (effect size: 
0.5 to 0.6) (41) and an increased intake of water among 
the shift-work subgroup in the study by Leedo et al. when 
comparing intervention versus control group (not possi-
ble to calculate effect size) (51). On the contrary, no inter-
vention effect on fruit and vegetable intake was found in 
the POWER study (41). PHLAME and POWER studies 
both used a questionnaire to assess dietary habits, whereas 
in the study by Leedo et al. (51) participants completed 
a 4-day self-reported dietary record. In the PHLAME 
study, mediating factors for the improvement in fruit and 
vegetable intake included an increased knowledge of the 
benefits of fruit and vegetable intake (significant for fruit 
intake) and an improved level of social support (dietary 
norms) experienced from co-workers (significant for vege-
table intake) (45, 47).
Physical activity measures included changes in physical 
activity habits and maximum oxygen uptake and were as-
sessed in four studies (39, 41, 45, 50, 52). All four, expect 
for the PHLAME main study, found a significant impact 
on either maximal oxygen uptake (VO2 max) (39, 52) or 
physical activity habits assessed via questionnaire (41, 50). 
In the study by Härmä et al., the physical exercise interven-
tion resulted in an improved VO2 max among nurses (effect 
size: 0.4) (39). Similarly, in the study reported by Matsug-
aki et al. (52), VO2 max increased significantly in the group 
receiving exercise supervision (effect size: 0.6) compared 
with the voluntary exercise group. Contrary to these, the 
PHLAME lifestyle interventions among firefighters re-
sulted in non-significant impact on VO2 max in the pilot 
study (46) and in the main study (41). However, the level of 
physical activity, assessed via questionnaire, was reported 
to have significantly improved in the team-based group in 
the PHLAME pilot study (effect size: 1.1) (46).
Physical strength was assessed in three studies (39, 45, 
52), and a significant impact was reported in all on either 
number of sit-ups or on muscle strength measured by 
strength of the knee extensor muscle. Number of sit-ups 
from baseline to post-intervention increased significantly 
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both in the PHLAME main lifestyle intervention (not pos-
sible to calculate effect size) (45) and in the nurses’ phys-
ical activity study by Härmä et al. (39) (effect size: 0.9). 
Also, the Matsugaki et  al. study (52)  reported signifi-
cant improvement in muscle strength (180 deg/sec KET) 
among nurses in the supervised exercise group over time 
(effect size: 1.3).
Long-term change in diet and physical activity habits 
were assessed in the PHLAME study, which included a 
4-year follow-up of their participants. The authors con-
cluded that 1-year effects of the programme did not re-
main over time compared to the control group, but the 
long-term pattern of behaviours in both groups suggested 
that the worksites, as a whole, had continued to improve 
in outcome measures for several years following the pro-
gramme (47).
Important outcomes
General well-being including quality of life was assessed in 
three studies via questionnaires (42, 43, 45). Two of the 
interventions showed significant improvements in either 
overall well-being or quality of life using different scales. 
In the PHLAME study, the index of general well-being im-
proved significantly in both types of lifestyle intervention 
(individual- and team-based) among firefighters (45). The 
POWER trial used the SF-12 questionnaire and found a 
significant positive effect of the broader lifestyle interven-
tion on mental health (effect size: 0.7) but not on physical 
health among aluminium plant workers (42). However, no 
difference was found by Guillermard et al., who used the 
original larger SF-36 scale in their study on offering a fer-
mented dairy product as a supplement to reduce the risk 
of common infections among shift workers (43).
Sleep circadian rhythm was examined in two studies. 
Härmä et al. found a significant positive effect of physical 
exercise on sleep length and reduction of fatigue among 
nurses (not possible to calculate effect size) (39), while the 
POWER study (42) did not observe any significant bene-
fits in sleepiness score of a broader lifestyle intervention 
for weight loss among aluminium plant workers.
Psychological stress was measured in several ways: via 
blood pressure, heart rate, testosterone level and body tem-
perature in a total of four studies (39–41, 43, 44). Two of 
them found a significant positive effect on blood pressure 
and/or heart rate (39, 41), while two did not (43, 44). Mor-
gan et al. (41) found a positive effect of the POWER lifestyle 
intervention on systolic blood pressure among aluminium 
plant workers in their group-based weight loss programme 
compared to control (effect size: 0.5). Psychological stress 
was assessed via heart rate in three studies. Two of these 
found a significant positive effect: Härmä et  al. (39) of-
fering physical exercise to female nurses (effect size: −0.4) 
and Morgan et al. (41) offering a lifestyle intervention to 
aluminium plant workers (effect size: −0.8). In contrast, no 
difference between intervention and control groups was re-
ported in the study by Guillermard et al. offering two daily 
fermented dairy products to male and female shift workers 
(43). Härmä et al. (40) also measured psychological stress 
by means of body temperature (40) and did not observe 
any benefit of the intervention in nurses’ physical exercise 
intervention.
Cognitive performance was evaluated in three studies 
using different measures. In two, positive effects were found 
in cognitive performance measures (40, 51). The study by 
Härmä et  al. found a significant positive effect of phys-
ical exercise on alertness in nurses during the night shift 
(not possible to calculate effect size) (40), and the study by 
Leedo et al. (51) found a significant positive effect on total 
mood-related score among the subgroup of shift workers 
(effect size: 0.3). In the latter study, however, no effect on 
reaction time was found. Contrary to Leedo et al.’s study 
(48), Matsugaki et al.’s study did not find any significant 
effect in total mood-related score among nurses (52).
Blood measures, for example, cholesterol and the 
biomarker cathepsin, were evaluated in three studies (44, 
50, 52). All three found significant positive effects: de-
creased level of LDL-cholesterol in the PHLAME pilot 
study in both the team- and individual-based groups 
( effect sizes: −0.2 and −0.4, respectively) (50), increased 
level of HDL cholesterol among nurses in the supervision 
exercise group in the study by Matsugaki et al. (effect size: 
0.2) (52) and a decrease in cathepsin S and L in the Lim 
et al.’s study on night shift workers in the exercise inter-
vention group compared to control (effect size: −0.4) (44).
Body composition was assessed in all studies except the 
Leedo et al.’s study (51). Two studies assessing change in 
lean body mass (LBM) in a physical exercise intervention 
among night shift workers did not find any effect (44, 52). 
However, one of these studies found a small but  significant 
positive effect on percentage of body fat ( effect size: −0.03) 
(44), while no difference was observed in the others (39, 45, 
52). Finally, Morgan et al. (42) assessed waist circumfer-
ence and found a positive effect of the intervention among 
the aluminium plant workers ( effect size: −0.6).
Weight and body mass index (BMI) were measured in 
all studies except the one by Guillemard et al. (43). They 
reported either significant difference in weight loss be-
tween intervention and control groups (41, 44), no sig-
nificant weight changes compared to control group or 
control period (39, 51, 52), or less weight gain in the inter-
vention group than the control group (45). The POWER 
study resulted in both significant weight loss and im-
proved BMI among overweight plant workers in the in-
tervention group compared to control (effect sizes: −0.3 
and −0.4, respectively) (41). The goal of  the PHLAME 
study was, among others, to improve energy balance 
among firefighters. This was succeeded during the 1-year 
intervention, where both the team- and individual-based 
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groups gained less weight than the control group (45). 
The three studies testing the effect of  physical exercise 
(39, 40, 44, 52) measured weight, and in two, the normal 
weight participants in the intervention group had a small 
loss of  weight which was more than in the control group, 
but this type of  unintentional weight loss was reported 
as significant only in the study among night shift work-
ers in the study by Lim et al. (effect size: −0.1) (44). In 
the study by Leedo et al., the participants kept a stable 
weight throughout the intervention offering foods and 
beverages to improve overall dietary intake (51).
Influence on work performance was assessed in three 
studies (41, 43, 46, 49), all with positive outcomes. The 
POWER study among plant workers (42) assessed work 
place productivity, injuries at work and absenteeism and 
found a positive effect on all these outcomes (effect sizes: 
0.5 to 0.7). In the retrospective PHLAME follow-up study, 
a reduction in compensation claims and medical costs 
was seen (49). Guillermard et  al. (43) found a positive 
significant effect from offering fermented dairy products 
among shift workers’ cumulated days with fever (effect 
sizes: −1.2) compared to control (only for the whole study 
phase) but not on the primary outcome, that is, cumulated 
time with chronic infectious diseases.
Adverse effects were only assessed in two studies. 
Guillermard et al. (43) assessed blood pressure, heart rate 
and weight, and Matsugaki et  al. assessed muscle pain 
and physical fatigue (52). They did not find any difference 
between study groups.
Discussion
The present review carried out a systematic identification, 
analysis and quality assessment of the evidence on the im-
pact of workplace interventions to promote healthy food 
and/or physical activity on dietary and physical activity 
outcome measures among people working ‘around the 
clock’ compared with controls receiving usual care. A total 
of seven studies (reported in 14 papers) were included in 
the final analysis: two having a broader lifestyle approach, 
three based on physical exercise and two based on offer-
ing healthy meals as a replacement of ordinary meals and 
offering food supplements to existing workplace meals. In 
general, a positive effect was seen on several of the out-
comes assessed irrespective of the intervention approach.
Taken together, the studies showed small-to-moderate 
effect sizes on several measures, including dietary and/or 
physical activity measures, suggesting acceptable effective-
ness for interventions involving community-level behaviour 
change. This review showed moderate positive effects on 
several critical and important outcomes in the two larger 
studies with a broader lifestyle approach focusing on di-
etary habits among aluminium plant workers (the POWER 
study) (41, 42) and on physical activity among firefighters 
(the PHLAME study) (45–50). These outcomes included 
improvements in intake of fruit and vegetables, intake of 
sweetened drinks, weight status, physical activity, strength 
and work performance. Moderate positive effects were 
seen also in the two smaller ‘high-intensity’ studies using 
individually tailored or supervised exercise programmes 
among nurses (39, 40, 52). Here, the outcomes included 
improvements in physical activity, strength and LDL- 
cholesterol levels. Small-to-moderate positive effects were 
seen in the intervention in which a ‘one type fits all’ exer-
cise programme was added to the routines of night shift 
workers by Lim et al. (44). Also, in general, limited effects 
were reported in the study in which a food supplement was 
offered (43). The outcomes in these studies included im-
provements in weight status and the biomarker cathepsin 
in the former, and improvements in incidence of respiratory 
and gastrointestinal common infectious diseases and work 
performance in the latter study. Small effects were also 
shown in the study by Leedo et al. (51), providing health 
workers with healthy foods and beverages during working 
hours. This study reported some positive results, including 
an increase in water intake but did not reach its targets in 
increasing overall dietary intake, for example, an increase in 
fruit and vegetable intake. The Leedo et al.’s (51) study out-
comes might have shown more effect, had the sample size 
been larger in terms of the number of shift workers. In light 
of our literature review, it may be prudent to say that the 
limited outcomes in these three studies (43, 44, 51) may at 
least partly be attributable to a lack of use of participatory 
and empowerment strategies to assure that the intervention 
content is responsive to the employees’ needs and priori-
ties. The unique challenges encountered by shift workers 
in adhering to a healthy diet are important and should be 
acknowledged in successful intervention design (41).
In a similar vein, a review by Verweij et al. of worksite 
interventions, not limited to shift workers, to promote 
physical activity and dietary behaviour, showed greater 
effect, for example, success in weight loss, in interventions 
which contained environment components besides per-
sonal components (32). On the contrary, the review by 
Allan et al. (27) showed that significant change in primary 
outcome measures of eating behaviours, for example, in-
creased fruit and vegetable consumption, was reported 
only by about half  of the identified worksite interventions 
that had used solely environmental strategies to alter eat-
ing behaviours. Implementing environmental interven-
tions can, according to Tam et al. (31) in their review of 
long-term effectiveness of work-based lifestyle interven-
tions to tackle overweight and obesity, prove problematic 
due to the multiple layers of commitment needed at dif-
ferent levels of the organization, for example, support at 
the management level and on behalf of the participants to 
ensure sufficient individual participation. Our review con-
curs with the conclusion of Tam et al. (31) that the most 
effective interventions may be the ones that are of high 
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intensity or include a specific motivational component 
besides interventions with multiple lifestyle components.
To conclude, the findings from our review have high-
lighted a lack of evidence from workplace interventions 
to promote healthy food and physical activity during 
working hours among people who work during unortho-
dox hours, ‘around the clock’.
Quality of the studies reviewed
Several of the studies were assessed as having an overall 
high risk of bias with regard to the outcomes (see Table 2). 
It is important to note that it has probably not been feasi-
ble to conduct blinding in terms of participants and staff  
in the type of interventions studied, that is, focusing on 
diet or physical activity in real-life settings. Achieving a 
high-quality rating was especially problematic because of 
the subjective outcomes (e.g. quality of life) and self-re-
ported measures (via questionnaires) used in many of the 
reviewed studies in assessing their effect. In future studies 
in this field, it is, therefore, important to consider more 
objective outcome parameters. Further, offering an active 
control condition, as opposed to no treatment control, 
may facilitate blinding (53). Another major issue possi-
bly contributing to bias in the assessment of outcomes 
common in the now reviewed studies was an imbalance in 
baseline characteristics. This may, in turn, have contrib-
uted to the lack of effect on some of the outcomes. In ad-
dition, only three studies identified primary outcome and 
presented a power calculation, which reduces their com-
parability and contribution to evidence base in this field.
Limitations and strengths of the systematic review
With our search terms, we identified only seven studies 
that could be included in the analysis. This is an indication 
of a lack of studies on the promotion of physical activity 
and dietary lifestyle changes among employees working 
‘around the clock’. Due to the small number of studies, a 
wide mixture of approaches (from broader lifestyle inter-
vention to food supplements), the generally small sample 
sizes, the variation in intervention duration and the differ-
ent kind of shift work occupations and settings, we were 
only able to perform a qualitative extract of main patterns 
in the effectiveness of the different types of intervention. 
A higher number of larger well-focused studies are needed 
to compare different approaches in different types of shift 
work under irregular working hours and among different 
occupational groups. For example, the two studies focusing 
specifically on male shift workers were the ones that em-
ployed a broader lifestyle approach and showed evidence 
of effectiveness. It would be of interest to replicate such an 
approach among both female and male shift workers and 
different occupational groups. Women have been frequently 
reported to engage in far more health-promoting behaviours 
than men and to obtain healthier lifestyle patterns  (54). 
On  the contrary, from a behavioural standpoint, some 
 evidence suggests that men may engage better with a life-
style programme once committed, although getting them to 
initially commit might be more challenging (55). A further 
limitation is the clinical inhomogeneity in the included stud-
ies which did not warrant a meta-analysis but would have 
rendered it meaningless. Finally, a limitation of the search 
strategy was that articles not published in English were not 
included and moreover that the updated search in October 
2017 was restricted to Google Scholar and PubMed, which 
may mean that some relevant studies were missed.
The main strengths of this review were that it employed a 
comprehensive search strategy and brought together research 
findings on the impact of worksite interventions to promote 
healthier food and/or physical activity among an understud-
ied but critical group of employees who work ‘around the 
clock’. Despite the fact that the interventions were focused 
on healthy food and/or physical activities, other beneficial 
outcomes were measured such as work performance. Of 
course, a causal relation between diet/physical activity and 
the important outcomes can be questioned. According 
to our knowledge, no other systematic review has consid-
ered employees working ‘around the clock’. Neil-Sztramko 
et al. (56) has critically reviewed the literature of worksite 
health-related interventions to prevent negative health effects 
among shift workers but limited their target group to night 
shift workers and only two of the 38 studies reviewed had a 
focus on healthy food or physical activity. These two studies 
(39–42) have been included in the present review.
Implications for health promotion programming and practice
Our review highlights the need for further testing of the 
broader lifestyle interventions as well as the individualised 
and high-intensity approaches in the target population. 
This arises from the two interventions carried out among 
male participants in the PHLAME study (45–50) and the 
POWER study (41, 42), and the two physical exercise stud-
ies among nurses (39, 40, 52). These studies included some 
degree of participatory and empowerment strategies, ap-
proaches that have been shown to be important in assuring 
programme responsiveness to employees’ needs and prior-
ities (3, 26). The long-term follow-up of the PHLAME 
study suggested that the participating worksites, as a 
whole, including the control participants, continued to im-
prove in their outcome measures for several years following 
the programme (47). This provides further encouragement 
for knowledge translation into practice. The review also 
provides some support for improving the food and physi-
cal activity environmental strategies within organisations, 
including the provision of healthy meals and beverages, as 
in the Leedo et al.’s study (51). However, the study popula-
tion (51) was too small to make firm conclusions.
In future studies, it is necessary to tailor intervention 
studies with respect to work schedules, meal breaks and 
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mobile or mixed work places. The special challenges with 
respect to working irregular hours and circadian stress 
need to be addressed, that is, to recommend a healthy 
timing of eating with respect to circadian rhythm factors. 
Although there are still unsolved issues regarding the as-
sociation between shift work and disease, we have enough 
knowledge to prompt preventative action (57).
Future perspectives
This review highlights the need for more evidence on the 
effectiveness of workplace interventions to promote healthy 
food and physical activity among people working irregular 
or extended hours ‘around the clock’. Future research could 
focus on the nutritional and social aspects regarding eating 
behaviour in this target population, for example, to describe 
the effect of work schedule on dietary intake and meal tim-
ing, and the strategies people use in relation to their food 
and eating during irregular or extended working hours.
In particular, more knowledge is needed on the cop-
ing strategies and interventions to support shift workers 
employed in the retail and service sector in our modern 
‘24-hour society’. This was a sector from which no studies 
were identified in this review. More research is also needed 
on effective approaches to promote health and well-being 
at any age by adopting a life-course approach and includ-
ing older workers in the studies (58).
Acknowledgements
Nordic Council of Ministers, Metropolitan University College, 
Technical University of Denmark, Gävle University and Kristian-
stad University, Sweden, and the University of Melbourne funded 
the study but had no influence on the study results reported.
Conflict of interest and funding
None of the authors have any conflicts of interest to de-
clare. Nordic Council of Ministers, Metropolitan Univer-
sity College, Danish Technical University, Gävle University, 
Kristianstad University and the University of Melbourne.
References
 1. Smith SA, Lake AA, Summerbell C, Raujo-Soares V,  Hillier-Brown 
F. The effectiveness of workplace dietary interventions: protocol 
for a systematic  review and meta-analysis. Syst Rev 2016; 5(1): 20.
 2. Lassen AD, Thorsen AV, Haapala I, Wiklund ML, Nyberg M, 
Beck AM, et al. Food at work around the clock – the Nordic 
Model. Report from a Nordic Workshop, November 4, 2016, 
Copenhagen, Denmark. Copenhagen: National Food Institute, 
Technical University of Denmark; 2017.
 3. Lassen AD, Thorsen AV, Sommer HM, Fagt S, Trolle E, Biltoft-
Jensen A, et al. Improving the diet of employees at blue-collar 
worksites: results from the ‘food at work’ intervention study. Pub-
lic Health Nutr 2011; 14(6): 965–74.
 4. Guazzi M, Faggiano P, Mureddu GF, Faden G, Niebauer J, 
Temporelli PL. Worksite health and wellness in the European 
Union. Prog Cardiovasc Dis 2014; 56(5): 508–14.
 5. The World Economic Forum. Working towards wellness: the 
business rationale. Geneva; World Economic Forum 2008.
 6. European Commission. EU Health Programme 2014–2020. 
2014. Available from: http://ec.europa.eu/health/programme/
policy/2014-2020/index_en.htm [cited April 2018].
 7. European Agency for Safety and Health at Work. Motivation 
for employees to participate in workplace health promotion. A 
literature review. Luxembourg: Publications Office of the Euro-
pean Union, 2012.
 8. European Agency for Safety and Health at Work. Well-being at 
work creating a positive work environment. A literature review. 
Luxembourg: Publications Office of  the European Union, 
2013.
 9. Toker S, Heaney CA, Ein-Gar D. Why won’t they participate? 
Barriers to participation in worksite health promotion pro-
grammes. Eur J Work Organ Psychol 2015; 24(6): 866–81.
 10. Eurofound. Sixth European Working Conditions Survey. 
 Luxembourg: Publications Office of the European Union; 2017.
 11. National Research Centre for the Working Environment. Work-
ing hours measured as ‘other than regular daytime work’ 2012 
to 2016 Arbejdstid målt med ‘andet end fast dagarbejde’ 2012 
til 2016. 2018. Available from: www.arbejdsmiljodata.nfa.dk 
[cited 15 April 2018].
 12. Lindén AL, Lagnevik M, Sjöberg K, Svederberg E, Jönsson H, 
Nyberg M. Mat hälsa och oregelbundna arbetstider [English 
translation: Food, health and irregular working hours]. Research 
Reports in Sociology, 2005: 1. Department of Sociology, Lund, 
Lund University; 2005.
 13. Esquirol Y, Perret B, Ruidavets JB, Marquie JC, Dienne E, 
Niezborala M, et  al. Shift work and cardiovascular risk fac-
tors: new knowledge from the past decade. Arch Cardiovasc Dis 
2011; 104(12): 636–68.
 14. Antunes LC, Levandovski R, Dantas G, Caumo W, Hidalgo MP, 
Obesity and shift work: chronobiological aspects. Nutr Rev Rev 
2010; 23(1): 155–68.
 15. Nea FM, Kearney J, Livingstone MB, Pourshahidi LK, Corish 
CA. Dietary and lifestyle habits and the associated health risks 
in shift workers. Nutr Rev Rev 2015; 28(2): 143–66.
 16. Hulsegge G, Boer JM, van der Beek AJ, Verschuren WM, Sluijs 
I, Vermeulen R, et al. Shift workers have a similar diet quality but 
higher energy intake than day workers. Scand J Work Environ 
Health 2016; 42(6): 459–68.
 17. Holmback U, Forslund A, Lowden A, Forslund J, Akerstedt T, 
Lennernas M, et al. Endocrine responses to nocturnal eating – 
 possible implications for night work. Eur J Nutr 2003; 42(2): 
75–83.
 18. Lennernas M, Hambraeus L, Akerstedt T. Shift related  dietary-intake 
in day and shift workers. Appetite 1995; 25(3): 253–65.
 19. Lowden A, Moreno C, Holmback U, Lennernas M, Tucker P, 
Eating and shift work – effects on habits, metabolism and per-
formance. Scand J Work Environ Health 2010; 36(2): 150–62.
 20. Asher G, Sassone-Corsi P. Time for food: the intimate interplay 
between nutrition, metabolism, and the circadian clock. Cell 
2015; 161(1): 84–92.
 21. Froy O. The relationship between nutrition and circadian rhythms 
in mammals. Front Neuroendocrinol 2007; 28(2–3): 61–71.
 22. Hemio K, Puttonen S, Viitasalo K, Harma M, Peltonen M, 
Lindstrom J. Food and nutrient intake among workers with dif-
ferent shift systems. Occop Environ Med 2015; 72(7): 513–20.
 23. Lemaire JB, Wallace JE, Dinsmore K, Lewin AM, Ghali WA, 
Roberts D. Physician nutrition and cognition during work 
hours: effect  of a nutrition based  intervention. BMC Health 
Serv Res 2010; 10: 241.
Citation: Food & Nutrition Research 2018, 62: 1115 - http://dx.doi.org/10.29219/fnr.v62.111512
(page number not for citation purpose)
Anne Dahl Lassen et al.
 24. Nabe-Nielsen K, Jorgensen MB, Garde AH, Clausen T. Do 
working environment interventions reach shift workers? Int 
Arch Occup Environ Health 2016; 89(1): 163–70.
 25. Dorfman L, Wallack L. Moving nutrition upstream: the case for 
reframing obesity. J Nutr Educ Behav 2007; 39(2 Suppl): S45–50.
 26. Brandstetter S, Rueter J, Curbach J, Loss J. A systematic review 
on empowerment for healthy nutrition in health promotion. 
Public Health Nutr 2015; 18(17): 3146–54.
 27. Allan J, Querstret D, Banas K, de Bruin M. Environmental in-
terventions for altering eating behaviours of employees in the 
workplace: a systematic review. Obes Rev 2017; 18(2): 214–26.
 28. Maes L, Van Cauwenberghe E, Van Lippevelde W, Spittaels H, 
De Pauw E, Oppert JM, et al.  Effectiveness of  workplace in-
terventions in Europe promoting healthy eating: a systematic 
review. Eur J Public Health 2012; 22(5): 677–83.
 29. Malik SH, Blake H, Suggs LS. A systematic review of workplace 
health promotion interventions for increasing physical activity. 
Br J Health Psychol 2014; 19(1): 149–80.
 30. Schroer S, Haupt J, Pieper C. Evidence-based lifestyle interven-
tions in the workplace-an overview. Occup Med (Lond) 2014; 
64(1): 8–12.
 31. Tam G, Yeung MPS. A systematic review of the long-term 
 effectiveness of work-based lifestyle interventions to tackle over-
weight and obesity. Prevent Med 2018; 107: 54–60.
 32. Verweij LM, Coffeng J, van Mechelen W, Proper KI. Meta- 
analyses of workplace physical activity and dietary behaviour 
interventions on weight outcomes. Obes Rev 2011; 12(6): 406–29.
 33. Jensen JD. Can worksite nutritional interventions improve pro-
ductivity and firm profitability? A literature review. Perspect 
Public Health 2011; 131(4): 184–92.
 34. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, 
Ioannidis JPA, et  al. The PRISMA statement for reporting 
systematic reviews and meta-analyses of studies that evaluate 
healthcare interventions: explanation and elaboration. BMJ 
2009; 339: b2700.
 35. Higgins JPT, Green S. Cochrane handbook for systematic  reviews 
of interventions version 5.1.0. The Cochrane Collaboration; 2011. 
Available from http://handbook.cochrane.org [cited April 2018]. 
 36. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. 
GRADE guidelines: 1. Introduction-GRADE evidence profiles and 
summary of findings tables. J Clin Epidemiol 2011; 64(4): 383–94.
 37. Cohen J. Statistical power analysis for the behavioural sciences. 
Hillsdale, NJ: Erlbaum; 1988.
 38. Social Science Statistics. Effect size calculators. 2018. Available 
from: http://www.socscistatistics.com/effectsize/Default3.aspx [cited 
April 2018].
 39. Härma MI, Ikmarinen J, Knauth P, Rydell SA, Hannnenin O. 
Physical training intervention in female shift workers I. The effe-
kcts of intervention on fitness fatique sleep and psychosomatic 
symptoms. Ergonomics 1988; 31(1): 39–50.
 40. Härma MI, Ilmarinen J, Knauth P, Rutenfranz J, Hannnenin O. 
Physical training intervention in female shift workers II. The effects 
of intervention on the circadian rhythms of alertness short-term 
memory and body temperature. Ergonomics 1988; 31(1): 51–63.
 41. Morgan PJ, Collins CE, Plotnikoff RC, Cook AT, Berthon B, 
Mitchell S, et al. Efficacy of a  workplace-based weight loss pro-
gram for overweight male shift workers: the workplace POWER 
(Preventing Obesity Without Eating like a Rabbit) randomized 
controlled trial. Prev Med 2011; 52(5): 317–25.
 42. Morgan PJ, Collins CE, Plotnikoff RC, Cook AT, Berthon B, 
Mitchell S, et al. The Impact of a workplace-based weight loss 
program on work-related outcomes in overweight male shift 
workers. J Occup Environ Med 2012; 54(2): 122–7.
 43. Guillemard E, Tanguy J, Flavigny A, de la Motte S, Schrezenmeir 
J. Effects of consumption of a fermented dairy product contain-
ing the probiotic Lactobacillus casei DN-114 001 on common 
respiratory and gastrointestinal infections in shift workers in a 
randomized controlled trial. J Am Coll Nutr 2010; 29(5): 455–68.
 44. Lim ST, Min SK, Kwon YC, Park SK, Park H. Effects of inter-
mittent exercise on biomarkers of cardiovascular risk in night 
shift workers. Atherosclerosis 2015; 242(1): 186–90.
 45. Elliot DL, Goldberg L, Kuehl KS, Moe EL, Breger RK, Picker-
ing MA. The PHLAME ( Promoting Healthy Lifestyles: Alterna-
tive Models’ Effects) firefighter study: outcomes of two models 
of behavior change. J Am Diet Assoc 2007; 49(2): 204–13.
 46. Kuehl KS, Elliot DL, Goldberg L, Moe E. The PHLAME 
study: short-term economic impact of health promotion. J In-
vestig Med 2005; 53(1): S127.
 47. MacKinnon DP, Elliot DL, Thoemmes F, Kuehl KS, Moe EL, 
Goldberg L, et al. Long-term  effects of a worksite health promotion 
program for firefighters. Am J Health Behav 2010; 34(6): 695–706.
 48. Ranby KW, MacKinnon DP, Fairchild AJ, Elliot DL, Kuehl 
KS, Goldberg L. The PHLAME (Promoting Healthy Lifestyles: 
Alternative Models’ Effects) firefighter study: testing mediating 
mechanisms. J Occup Health Psychol 2011; 16(4): 501–13.
 49. Kuehl KS, Elliot DL, Goldberg L, Moe EL, Perrier E, Smith J. 
Economic benefit of the PHLAME wellness programme on fire-
fighter injury. Occup Med (Lond) 2013; 63(3): 203–9.
 50. Elliot DL, Goldberg L, Duncan TE, Kuehl KS, Moe EL,  Breger 
RKR, et  al. The PHLAME firefighters’ study: feasibility and 
findings. Am J Health Behav 2004; 28(1): 13–23.
 51. Leedo E, Beck AM, Astrup A, Lassen AD. The effectiveness 
of healthy meals at work on reaction time, mood and dietary 
intake: a randomised cross-over study in daytime and shift work-
ers at a university hospital. Br J Nutr 2017; 118(2): 121–9.
 52. Matsugaki R, Kuhara S, Saeki S, Jiang Y, Michishita R, Ohta M, 
et al. Effectiveness of workplace exercise supervised by a physi-
cal therapist among nurses conducting shift work: a randomized 
controlled trial. J Occup Health 2017; 59(4): 327–35.
 53. Byrd-Bredbenner C, Wu F, Spaccarotella K, Quick V, Martin-Biggers 
J, Zhang Y. Systematic review of control groups in nutrition educa-
tion intervention research. Int J Behav Nutr Phys Act 2017; 14(1): 91.
 54. Lassen AD, Lehmann C, Andersen EW, Werther MN, Thorsen 
AV, Trolle E, et al. Gender differences in purchase intentions and 
reasons for meal selection among fast food customers. Oppor-
tunities for healthier and more sustainable fast food. Food Qual 
Prefer 2016; 47: 123–9.
 55. Kent LM, Morton DP, Rankin PM, Gobble JE, Diehl HA. Gen-
der differences in effectiveness of the Complete Health Improve-
ment Program (CHIP). J Nutr Educ Behav 2015; 47(1): 44–52.
 56. Neil-Sztramko SE, Pahwa M, Demers PA, Gotay CC. Health- 
related interventions among night shift workers: a critical review of 
the literature. Scand J Work Environ Health 2014; 40(6): 543–56.
 57. Knutsson A. Mortality of shift workers. Scand J Work Environ 
Health 2017; 43(2): 97–8.
 58. European Agency for Safety and Health at Work. Safer and 
healthier work at any age: analysis report of workplace good 
practices and support needs of enterprises. A report. Luxem-
bourg: Publications Office of the European Union, 2016.
*Anne Dahl Lassen
National Food Institute
Danish Technical University
Tel.: +45 93 51 89 43
Email: adla@food.dtu.dk
Citation: Food & Nutrition Research 2018, 62: 1115 - http://dx.doi.org/10.29219/fnr.v62.1115 13
(page number not for citation purpose)
Worksite interventions promoting healthier food and/or physical activity habits
Appendix A
PubMed Search Terms for the Literature Search
( ( ( ( ( ( ( ( (‘physical activity’[All Fields]) OR (‘exer-
cise’[MeSH Terms] OR ‘exercise’[All Fields])) OR (‘ex-
ercise therapy’[MeSH Terms] OR (‘exercise’[All Fields] 
AND ‘therapy’[All Fields]) OR ‘exercise therapy’[All 
Fields])) OR ( (‘diet’[MeSH Terms] OR ‘diet’[All Fields] 
OR ‘dietary’[All Fields]) AND (‘behaviour’[All Fields] 
OR ‘behaviour’[All Fields]))) OR (‘meals’[MeSH Terms] 
OR ‘meals’[All Fields])) OR (‘overweight’[MeSH Terms] 
OR ‘overweight’[All Fields])) OR (‘counselling’[All 
Fields] OR ‘counseling’[MeSH Terms] OR ‘counsel-
ing’[All Fields])) OR (‘policy making’[MeSH Terms] OR 
(‘policy’[All Fields] AND ‘making’[All Fields]) OR ‘pol-
icy making’[All Fields])))
AND
(shift work* OR night work* OR evening work* OR work 
hour*)
